Evidence on the nutritional status and diets of adolescents in low-and middle-income countries is scant. We characterized the nutritional status (body mass index Z-scores (BMIZs)) and nutrient intakes of adolescent boys and girls in rural areas in Bangladesh using the 2011-2012 BIHS data, used regression models to identify the socioeconomic determinants of these outcomes, and household fixed effects models to assess whether the gap between boys and girls changed with women's education and empowerment and household wealth. The adolescents' BMIZ and adequacy of their nutrient intakes were suboptimal. Gender differences varied by outcome and were not systematically in favor of boys. Household wealth was associated with higher BMIZ and probability of adequate energy and micronutrient intakes. Women's education and empowerment were mostly not associated with the study outcomes and did not modify gender differences. There is an urgent need to invest in improving the diets of adolescent boys and girls in Bangladesh. The limited role of women's education and empowerment in improving adolescent nutrition suggests that resources may be too constrained. It may also reflect deeply rooted beliefs about adolescent nutrition and differences between boys and girls that would need to be addressed to improve their nutrition.
Introduction
Adolescence is the time of maturation from childhood to adulthood and is characterized by rapid physical, cognitive, and psychosocial growth and development. 1 Weight gain during adolescence accounts for roughly 50% of adult weight, and approximately 45% of the adult skeletal mass and 15% of adult height are gained during this period. 2 Poor nutrition during adolescence may have longterm consequences for adult health. And for girls, it can also affect the survival, health, and well-being of their children. 1 Notwithstanding the critical nutritional needs of adolescents, who represent approximately 1.8 billion individuals, the public health community has paid little attention to this segment of the population. Globally, the health and nutritional status of adolescents has improved only modestly over the past 50 years, 3 and evidence on the nutritional status of adolescents in low-and middle-income countries and their socio-demographic and economic determinants is scant. [3] [4] [5] In Bangladesh, up to 31% of adolescent girls (15-19 years old) are undernourished (body mass index (BMI) <18.5). 6 Malnutrition among adolescent girls in that country can be particularly detrimental given that nearly half of rural Bangladeshi women have their first child by the age of 18, that is, before the age of physical maturity. 7 Teenage pregnancies, combined with poor adolescent nutrition, increase the risks of maternal anemia and birth complications, of maternal death, of giving birth to a preterm or low-birthweight baby, and of child undernutrition and poor health during the preschool years, with long-term consequences through adulthood. [8] [9] [10] [11] [12] [13] [14] The diets of adolescents in rural Bangladesh are generally monotonous, with rice accounting for as much as 76% of energy intake doi: 10.1111/nyas. 13530 and animal source foods only around 3%.
a It is likely that the diets of adolescent girls are similarly poor and lacking several essential nutrients. The generally limited autonomy of Bangladeshi women may also put adolescent girls in a particularly vulnerable position for nutrition and health. Up to 77% of rural women in Bangladesh are disempowered, 15 and this has been associated with lower household food security and dietary diversity. 16 We took advantage of the richness of a 2011-2012 nationally representative survey in Bangladesh (Bangladesh Integrated Household Survey (BIHS)) to characterize the nutritional status and dietary intake of rural adolescent girls and compare them with those of adolescent boys and women of childbearing age to assess whether adolescent girls were worse off. We also identified the socioeconomic determinants of the nutritional status and nutrient intake of adolescent boys and girls. We finally investigated which socio-demographic characteristics modified the gap in outcomes between boys and girls (if they existed).
Methods

Data
We used data from the 2011 to 2012 BIHS, which is nationally representative of rural Bangladesh. Data were collected in 6500 households in 325 primary sampling units (PSUs) from October 2011 to March 2012. A two-stage stratified sampling approach was followed-selection of PSUs and selection of households within each PSU-using the sampling frame developed from the 2001 population census of Bangladesh and sampling weights adjusted on the basis of the latest population census of 2011. In the first stage of sampling, the total BIHS sample of 325 PSUs was allocated among the eight strata (seven administrative divisions and the USAID-supported Feed the Future zone) with probability proportional to the number of households in each stratum. In the second stage, 20 households were randomly selected from each of the 325 PSUs. Only the nationally representative a Arsenault, J.E., M. Moursi, E. Sraboni & A.U. Ahmed. Intrahousehold allocation of food and nutrient intakes in a nationally representative sample of Bangladesh. Unpublished manuscript.
sample from the seven administrative divisions was included in the analyses presented here.
Household interviews were conducted by male and female enumerators for male and female respondents of each selected household, respectively. Enumerators were extensively trained before the fieldwork started. Details on the sampling and survey methodology have been published elsewhere. 17 The interviewer asked the household member with primary responsibility for preparing and serving food about recipes prepared, ingredients for the recipes, and amounts of foods and recipes eaten by various family members and guests. The enumerator asked the respondent to show the raw food ingredients and the amount used of each ingredient. The enumerator weighed the raw food using a weighing scale. The enumerator then asked the respondents to show the amount of food after cooking using measuring cups and standard bowls as appropriate.
Variables
The study outcomes were body mass index-for-age Z-score (BMIZ) and the intake (and adequacy of intake) of energy, protein, zinc, and vitamin A. The BMIZs were calculated using the World Health Organization (WHO) 2007 growth reference for children and adolescents 5-19 years. 18 BMI reference values for 19-year-old adolescents were used for the 20 years old adolescents in our data set. Thinness was defined as BMIZ below -2SD of the reference median. The survey's dietary data were used to calculate each subject's energy, protein, iron, zinc, and vitamin A intake. Consumed amounts of food were converted to grams and matched to data in the food composition 21 and 482 kcal per day (the average of the additional requirements for exclusive breastfeeding during the first 6 months postpartum and for nonexclusive breastfeeding from 6 to 12 months of age 20 ), respectively, were used. The Institute of Medicine's Estimated Average Requirements (EARs) were used to estimate the probability of inadequate intake for protein, iron, and vitamin A. 22, 23 EARs for iron were adjusted to 10% bioavailability. EARs for zinc were used from the International Zinc Nutrition Consultative Group (IZiNCG). 24 The Iowa State University method and PC-SIDE (version 1.0; Iowa State University) were used to estimate best linear unbiased predictors of usual intakes at the individual level. 25 By adjusting the daily intakes for within-person variability in intakes, the resulting intake distributions reflect only the between-person variance in intakes. As only a singleday 24-h recall was conducted in the BIHS, dietary data from the HarvestPlus biofortified rice study in Bangladesh were used as an external source to calculate variance ratios. The cut-point method was used to estimate the prevalence of nutrient inadequacy for protein, zinc, and vitamin A. This method assumes that the proportion of individuals with intakes below their respective EAR corresponds to the proportion of individuals with inadequate intakes of the particular nutrient in question. The cut-point method can only be applied when the distribution of a nutrient's requirements is symmetrical. 26 The distribution of iron requirements for menstruating adolescents, however, is skewed and requires using the probability method to assess the prevalence of iron inadequacy. This method identifies the probability of inadequacy of the usual intake for different age-and sex-specific iron intake ranges.
The key independent variables in the analyses were the level of education and empowerment of the household head's partner or the female head (referred to as the main woman in the remainder of the text), women's empowerment, and household expenditure. Three education categories were created: women with no education or kindergarten, women who had attended (some) primary school, and women who had (some) secondary or higher education. The main women's empowerment was assessed using the USAID/IFPRI/OPHI Women's Empowerment in Agriculture Index (WEAI). 27 Each woman's empowerment score was calculated as the weighted sum of 10 indicators across the WEAI's five domains of empowerment. A woman was categorized as disempowered if she did not have adequate achievements in four of the five domains or was found to be disempowered in some combination of the weighted indicators that reflected less than 80% adequacy. Household expenditures on individual food and nonfood consumption items were aggregated to construct total monthly expenditures. For durable assets (i.e., goods that hold utility and value over long periods of time and may therefore still be used by the household but not captured in the yearly nonfood expenditure recall), the annual use value was calculated. The current value of the asset was multiplied by the sum of the annual rate of depreciation and the nominal interest rate, and then divided by 1 minus the average annual rate of depreciation. A 15% nominal interest rate was used. The annual use value was then divided by 12 to derive the monthly use value. Food commodities produced by the household for home consumption were valued at the median locality-specific market price. Total monthly household expenditures were expressed per adult equivalent to account for differences in household size and composition. Adult equivalents were calculated as the ratio of an individual's energy requirement (calculated as described above) to the energy requirement of an adult male, 18-30 years of age. Total monthly expenditures per adult equivalent were derived by dividing total household expenditures by total household adult equivalents.
Analyses
The sample for the analyses was restricted to 5026 adolescent boys and to nonpregnant and nonlactating adolescent girls in 3105 households who were 10-20 years of age and were not the head or the partner of the head of household. We dropped 616 adolescents and households because of missing data, bringing the final sample to 4410 adolescents (88% of eligible adolescents) in 2662 households for the intake of energy, protein, zinc, and vitamin A analyses. An additional 312 adolescents (in 128 households) had missing height or weight data and could not be included in the BMIZ analyses.
An adjusted Wald test (Stata's svy: mean command) was used to compare means between adolescent girls, boys, and adult women. Two types of regression models were estimated. We used ordinary least squares regression to identify the sociodemographic and socioeconomic determinants of each study outcome. The determinants included in each model were adolescent sex, the level of education, and the degree of empowerment of the wife of the head (or the female head herself), and the total per adult equivalent monthly household expenditure. The model further controlled for adolescent age and sex, whether the adolescent was in school, and the total number of adult equivalents in the household.
Second, we estimated household fixed effects models to assess whether the gap between boys and girls narrowed with increasing education and empowerment of the head's wife (or the female head), and with increasing household wealth. These models controlled for adolescent age and were estimated for each tertile of the education level of the head's wife (or female head), her degree of empowerment, and household expenditure. Household fixed effects have the advantage that they control for all (unobserved) differences between households, thus providing a much more unbiased estimate of the difference between boys and girls. The disadvantage of this approach is that only households with at least one adolescent boy and one adolescent girl can be included in the model and these households might not be representative of the larger sample. To assess this possibility, we compared characteristics of both types of households.
All statistical analyses were adjusted for clustering at the village level. 28 We used two-sided significance tests. A P value < 0.05 was considered significant. All statistical analyses were carried out with Stata (StataCorp, version 14).
Results
Most household heads were male and over half had no formal education (Table 1) . Nearly, one-third were underweight. The partners of the head had similar low education levels and were equally thin. Total per adult equivalent expenditure was below 50 USD per month (or around USD 1.50 per day). The adolescents in the study sample were on average 14 years old and three out of four were still in school (Table 2 ). Both girls and boys had low HAZ (mean - 1.62) and 19.5% were thin (BMIZ < -2). Girls were more likely to be in school than boys (80% compared to 71%; P < 0.05). Girls also had a lower HAZ, but a higher BMI, and were less likely to be thin than boys (17% of girls were thin (BMIZ < -2 Z-scores) compared to 22% of boys; P < 0.05). Although all differences between boys and girls were statistically significantly different, differences for the other indicators were small and unlikely to be of biological significance. A large proportion of adolescent boys and girls had inadequate energy (24%), iron (53%), and zinc intakes (36%), and virtually all had deficient vitamin A intakes (Table 3) . Women of reproductive age also had inadequate intakes of energy (50%), iron (69%), and vitamin A (100%). There was no dietary protein inadequacy in either adolescents or women of reproductive age in the study sample. Adolescent girls were significantly more likely to have inadequate energy and iron intakes (P < 0.05) than boys; boys were more likely to have inadequate zinc intakes (P < 0.05). Compared to adult women, adolescent girls were less likely to have inadequate iron and energy intakes, but more likely to have inadequate zinc intakes (all differences, P < 0.05). The main women's level of education was not associated with any of the study outcomes (Fig. 1A-5A ). Higher levels of empowerment of the main woman lowered the probability of girls being normal weight (i.e., not being thin) by 4-5 pp (Fig. 1A) but increased their probability of adequate energy intake by 4-6 pp ( Fig. 2A) . No association was found in boys. Women's empowerment was also associated with 5-6 pp higher probability of adequate iron intakes in boys and girls. No association between empowerment and any of the other study outcomes was found. Household expenditure was associated with a higher probability of not being thin in boys (not girls) of 5 pp (highest expenditure tertile) and increased the probability of adequacy for energy (by 5-9 pp, Fig. 2A), iron (11-18 pp, Fig. 3A) , and zinc intake (5-13 pp, Fig. 4A ) in both boys and girls. None of the determinants were associated with the probability of adequate vitamin A intake (Fig. 5A) . Regression analyses were not conducted for protein as intake was adequate for all study participants.
The household fixed effects analyses showed that the difference in the probability of being thin between boys and girls decreased with rising household expenditure (i.e., at lower household expenditure, boys were more disadvantaged compared to girls than at higher household expenditure, Fig. 1B) . By contrast, the gap between girls and boys was found to increase with greater wealth for the probability of iron adequacy (i.e., at higher household expenditure, boys were more advantaged compared to girls than at lower household expenditure, Fig. 3B ). No changes in the magnitude of the gap with increasing household expenditure were found for the probability of energy (Fig. 2B ) or zinc adequacy (Fig. 4B) . The main women's level of education or empowerment did not meaningfully modify the difference between boys and girls for any of the study outcomes. Given the low probability of vitamin A adequacy, the household fixed effects model could not be fitted for this outcome. The comparison of households included in and excluded from the fixed effects analyses shows that the heads, their partners, and the adolescents in the included households tended to be older (Table S1 , online only). Fewer of the adolescents were in school in the included households, the prevalence of thinness was lower, and the prevalence of zinc inadequacy was higher. None of the other characteristics (such as household expenditure or education level of the head or his partner) were different.
Discussion
Using nationally representative data from rural Bangladesh, our study showed that the nutritional status of both adolescent girls and boys (as assessed by BMIZ) and the adequacy of their energy, iron, zinc, and vitamin A intake were suboptimal. Adolescent girls were worse off than boys and adult women for some, but not all outcomes: girls were more likely than boys to have inadequate energy and iron intakes, but were less likely to be thin or to have inadequate intakes of zinc. Compared to adult women, adolescent girls were more likely to have inadequate zinc intakes but less likely to have inadequate iron or energy intakes. The apparently inconsistent findings for energy and thinness could be due to boys being more physically active (in work-related activities) than reported in the survey, which would have led to an underestimation of their energy requirements. Our analyses of the determinants of adolescent nutrition showed that the main woman's level of education was not associated with any of the outcomes; women's empowerment was associated with some of them, but the effect sizes were generally small. The strongest associations were found for household expenditure, which was associated with large differences in the probability of adequacy for energy, iron, and zinc intake in both boys and girls. For example, the difference in probability of adequate intake of iron among adolescents from the poorest households compared to highest expenditure tertile was 17 pp; the difference for zinc was 13 pp. Finally, we found no evidence that the size of gap in outcomes between boys and girls narrowed with increasing education or empowerment of the head's wife (or the female head), and limited evidence that household expenditure determined the size of this gap.
Our findings highlight the urgent need to improve the quality of diets in Bangladesh, for both adolescent boys and girls, and also for adult women. Well-document drivers of poor diet quality in Bangladesh are lack of diversity and the heavy reliance on rice, which in our sample contributed around 75% of the dietary energy (results not shown), as documented in previous studies. 29 The strong associations between household expenditure and dietary iron and zinc adequacy in our study (and the lack of association with women's education or empowerment) suggest that a key factor that limits diversity in the diets of Bangladeshi households is affordability. A possible strategy to improve household purchasing power is the use of targeted social transfer programs, which have been shown to improve household dietary diversity in Bangladesh and elsewhere. 30, 31 Social protection is a widely used development tool in Bangladesh, reaching an estimated 24% of households and accounting for about 12% of the government's budget. 30, 32 It is unknown, however, to what extent these programs can be successfully leveraged to improve the nutritional status of adolescents. An alternative (or complementary) strategy could include the use of micronutrient supplements. Little is known, however, about the types of platforms that could be used to reach adolescents (especially those who are out of school), or their efficacy and effectiveness in filling their nutrient gaps.
In Bangladesh, transfer programs to keep girls in schools have been successful 33 and have resulted in higher rates of secondary education among girls. Schools could therefore be used as a delivery platform to improve adolescent girls' and boys' dietary intake through behavior chance communication and/or distribution of fortified foods or other micronutrient-rich products. School feeding programs tend to be limited to primary schools, and improving nutrition is typically not their primary objective (the Bangladesh School Feeding Programme, however, distributes micronutrientfortified biscuits). 34 Expanding these programs to secondary schools with a specific focus on improving the nutritional status of adolescents should be studied. The large majority (around 90%) of the adolescents up to 14 years of age in our study were still in school, making secondary schools a good platform to reach these younger adolescents. School feeding, combined with other incentives such as conditional social transfers, could also be used as a tool to keep the older adolescents in school (which would subsequently contribute to delaying marriage and first pregnancy). School feeding could be combined with a take-home fortified rice ration for parents to keep adolescent girls and boys in secondary school. Advantages are that the food ration can be targeted to the poorest households and that the fortified rice would also benefit other household members.
A counter-intuitive finding of our study is the limited importance of education and empowerment of the head's wife (or the female head) on adolescent nutrition-related outcomes. In addition, we found no evidence that the size of the gap in these outcomes between boys and girls narrowed with increasing education or empowerment. A previous study using the same data showed that the education of the head's wife (or the female head) was positively associated with her own BMI and that a higher level of empowerment was associated with better household dietary diversity. 16 These findings indicate that the lack of an association in our study is not due to measurement error in these independent variables. Maternal nutrition has been shown to be a strong determinant of better (child) nutrition outcomes and a number of pathways have been suggested. These include (among others) the direct transfer of health and nutrition information, skill acquisition that allows mothers to obtain relevant information, exposure to environments making women more open to modern medicine, and the opportunity to form social networks. 35 The lack of an association of education and empowerment with the adolescent nutrition outcomes suggests that the suboptimal situation of adolescents in Bangladesh might be due to limited resources. It may reflect deeply rooted beliefs and social norms about adolescent nutrition and the difference between boys and girls. For interventions to have the largest possible effect on the well-being of Bangladeshi adolescents, these beliefs and social norms will need to be addressed through carefully designed social behavior change interventions targeted to the adults in the household.
A key strength of our study is the availability of detailed dietary intake data on every household member for a large sample representative of rural Bangladesh. To overcome the limitation of having only one day of dietary intake data, we used external estimates of within-person variation from a different study conducted in Bangladesh. 29 This approach has been used and validated before. 36 Other strengths include the wealth of information on a wide range of variables, including women's empowerment and full household expenditure data. A limitation of our study is that iron intake from groundwater (a common source of drinking water in rural Bangladesh 37 ) was not taken into account in the analyses. The prevalence of inadequate dietary iron intake may thus have been overestimated.
We conclude that improving the dietary intake and nutritional status of adolescent boys and girls in Bangladesh will require policies and programs that increase household and adolescent access to diverse diets and that simultaneously address beliefs and social norms with respect to adolescent nutrition through carefully designed social behavior change interventions. In combination with recent findings on the nutrition and health risks faced by pregnant adolescent girls and adult women in Bangladesh, 38 our results confirm the need for a continued focus on women, starting at adolescence and throughout the reproductive period. Table S1 . Difference between households included and not included in the household fixed effects analyses.
